whereas others were selected to represent sports that were thought to typify different performance characteristics. Moreover, because the prevalence among female athletes is unknown, we wanted to examine if there is a gender difference in the risk for jumper's knee. We chose to include athletes from female team handball and soccer because these are the female team sports in Norway in which the training loads are highest and so are comparable to those of male athletes in the same sports. In addition, soccer and team handball are sports characterized by high loads on the extensor mechanism, which is thought to make the athletes susceptible to jumper's knee.
METHOD Study Design
This investigation was designed as a cross-sectional study among Norwegian athletes at the national elite level from different sports. Male athletes from 9 different sports were examined: athletics (high jump, 100-and 200-m sprint), basketball, ice hockey, orienteering, road cycling, soccer, team handball, volleyball, and wrestling. In addition, female athletes from 2 of the same sports were examined: team handball and soccer. We wanted to examine approximately 50 athletes in each sport, to provide a precision of 2% to 7% (proportion SE) for the prevalence estimate in each group. In the team sports (basketball, ice hockey, team handball, volleyball, and soccer), teams from the largest cities were invited to take part in the investigation, and all invited teams agreed to take part. The teams were examined toward the end of their competitive seasons. In the individual sports (athletics, orienteering, road cycling, wrestling), we asked athletes participating in the national championships, which were organized during the peak competition seasons, to take part in the study. All athletes who were present when we visited their teams and all athletes we approached in the individual sports agreed to take part in the study. The study was approved by the regional committee for research ethics, participation was voluntary, and consent was obtained.
Interview and Clinical Examination
Each athlete went through a standardized interview, and the information requested from each athlete included age, height, weight, and number of years participating in organized athletic training. In the team sports, we registered the number of years of participation in the top 2 divisions of the Norwegian league systems; in the individual sports, we registered the number of years of participation at the national championship level. All athletes were asked to report the number of training hours per week during the competition season (sport-specific training, weight training, jump training, and other types of training).
All athletes were also interviewed regarding present and former knee injuries and complaints. Those with current knee complaints compatible with jumper's knee went through a standard knee examination, which was conducted by 8 different sports medicine specialists. The following diagnostic criteria for jumper's knee were used: history of pain localized to the lower patellar pole or insertion of the quadriceps tendon in connection with athletic activity, and distinct palpation tenderness corresponding to the painful area. 3 The diagnosis was based on a typical history and clinical findings alone because imaging techniques such as MRI and ultrasonography have shown low specificity, sensitivity, and positive predictive value in diagnosing jumper's knee. 7, 9, 19, 24 Previous jumper's knee was diagnosed based on history alone. To assess the severity of the condition, the athletes diagnosed with current jumper's knee also self-recorded their Victorian Institute of Sport Assessment (VISA) scores. 34 This is a validated pain and function index with a high score of 100 (no symptoms) and low score of 0 (maximum symptoms) that has been developed specifically for this purpose and has been shown to be a valid measure of symptoms. 32 
Data Analysis
For continuous variables, the results are given as means ± SD, unless otherwise noted. Proportions are reported with the corresponding SE, where relevant. Prevalence was compared between groups using Pearson chi-square tests. Multiple logistic regression analysis was used to test the effect of potential risk factors for patellar tendinopathy (age, height, weight, experience at the elite level, and volume of sport-specific training, weight training, and jump training), adjusting for differences between sports. Comparisons of continuous data between groups were done using analysis of variance (ANOVA) or unpaired t tests, as noted in the Results. An alpha level of .05 was considered significant.
RESULTS
The overall prevalence of current jumper's knee was 14.2% ± 1.4% (87 of 613 athletes). Of the 87 athletes with current symptoms, 37 had bilateral symptoms, whereas 30 athletes had symptoms from the right side only, and 20 athletes had symptoms from the left side only. This finding means that the prevalence of current jumper's knee affecting the right knee was 10.9% (67 players) and affecting the left knee was 9.3% (57 players). In addition, 51 athletes (8.3%) reported previous symptoms of jumper's knee affecting one or both legs, resulting in a prevalence of current or previous symptoms of 22.5% (138 of 613 athletes). Only 1 athlete with a diagnosis of current jumper's knee localized the pain to the quadriceps tendon insertion at the upper patellar pole, and the rest localized the pain to the patellar tendon.
As shown in Figure 1 , there were significant differences in the prevalence of current jumper's knee (χ 2 test, P < .001), as well as in the prevalence of previous symptoms (χ 2 test, P < .001). The prevalence of current symptoms was highest in volleyball with 44.6% ± 6.6% and in basketball with 31.9% ± 6.8%, whereas there were no cases in cycling or orienteering. Also, the prevalence of current jumper's knee was lower among women, with 5.6% ± 2.2% (6 of 107 team handball and soccer players) compared with a combined prevalence of 13.5% ± 3.0% (18 of 133) in the corresponding male sports (χ 2 test, P = .042).
The mean symptom duration among athletes with current jumper's knee was 32 ± 25 months (range, 1-144 months; n = 87). There was a significant difference in symptom duration between the 9 different sports (analysis of variance, P = .04). Moreover, there was no difference (t test, P = .48) in the duration of symptoms between female (22 ± 12 months; n = 6) and male athletes (28 ± 21 months; n = 55).
The mean VISA score reported across sports and genders was 64 ± 19. As seen in Figure 2 , the VISA score reported by players with current symptoms of jumper's knee was significantly different between sports (ANOVA, P = .003). The lowest VISA score was reported by male team handball players and the highest by ice hockey players. However, there was no gender difference. The VISA score in female team handball and soccer was 59 ± 15, compared with 58 ± 23 in the same male sports (ANOVA, P = .9).
The number of years of participation in organized training was 15.2 ± 5.1, with 6.1 ± 4.2 years at the elite level ( Table 1 ). The number of hours with sport-specific training was 11.8 ± 3.9 ( Table 2 ). There was no significant difference in these variables between athletes with current jumper's knee and those without. However, athletes with current jumper's knee weighed more (83.6 ± 11.6 kg vs 77.3 ± 11.9 kg; P < .001), were taller (186 ± 9.5 cm vs 181 ± 9.2 cm; P < .001), and did significantly more weight training (3.5 ± 2.4 h/wk vs 2.5 ± 2.1 h/wk; P < .001) and jump training (1.1 ± 1.8 h/wk vs 0.5 ± 1.0 h/wk; P < .001).
The comparison between athletes with current jumper's knee and those without in each specific sport showed that in basketball, the athletes with jumper's knee did significantly more sport-specific training than did those without jumper's knee (14.7 ± 2.7 h/wk vs 12.3 ± 2.5 h/wk; P = .005). In male handball, the athletes with jumper's knee did significantly more plyometric training compared with those without jumper's knee (0.7 ± 1.0 h/wk vs 0.2 ± 0.3 h/wk; P = .01). In male soccer, the jumper's knee group was significant taller than were the others (186 ± 4.3 cm vs 183 ± 5.5 cm; P = .05). Otherwise, there were no other significant differences between those with jumper's knee compared to those without in the other variables outlined in Tables 1 and 2 . In a logistic regression model that included gender, sport, age, height, weight, training background, and the volume of the different types of training, only weight training and jump training were significant factors.
DISCUSSION
The main finding of this study was that the overall prevalence of jumper's knee was 14% across the sports included. In addition, 8% of the athletes reported previous symptoms, indicating that every fifth elite athlete is affected by jumper's knee during his or her athletic career. The prevalence varied between sports-from no cases in cycling and orienteering to 45% with current symptoms in male volleyball. It should also be noted that the mean duration of the symptoms was 32 months, with a mean VISA score of 64. The information on the duration of the symptoms was based on memory, which means that the precision of this information is uncertain. Nevertheless, it seems clear that even with this limitation, there is no doubt that the majority of patients have played with symptoms for several years. The VISA score is a validated method to describe the seriousness of symptoms in tendinopathy. 32, 34 This means that this condition can severely interfere with athletic performance and even threaten an athletic career. Based on these data, it could be claimed that for some sports, jumper's knee may cause at least as much impairment for athletic performance as do acute knee injuries.
These prevalence figures probably represent minimum estimates. The clubs of the team sport athletes were typically visited during a training session, in which all those present were invited to be examined. Similarly, in the individual sports, we examined the athletes at their national championships. The response rate was excellent-none of the athletes declined the invitation to participate. However, the athletes with the most serious problems, those who could not participate in training or competition, were not included in the study. As an example, we know that in men's team handball, there were 4 players who had recently been treated surgically for jumper's knee among the teams included in this study. We do not know the number of athletes in the other sports who were too disabled to be included. This may be a significant source of error, particularly in the individual sports where it is more likely that athletes would withdraw or not even enter the national championships if they thought that they could not perform fully. Also, an unknown number of athletes may have retired early because of jumper's knee, and some may have settled for a career at a lower level of performance because they could not tolerate the heavy training and competition load at the elite level. Thus, the elite samples we were able to study represent the survivors, and the true career prevalence is higher than the 22% reported here as an overall result across the sports included.
Another methodological limitation that must be considered when interpreting the findings is that the results were based on clinical examination alone. For practical reasons, we were not able to do MR or ultrasound imaging to confirm the presence of structural tendon changes. This means that to be recorded as having current symptoms of jumper's knee, the athlete had to report a painful tendon during athletic activity with corresponding palpation tenderness. It may be argued that this definition is unspecific because we did not know for certain that the tendon was the source of the pain in all cases. For instance, we could not rule out cases with referred pain, principally from the distal aspects of the articular surface of the patella. In fact, a number of studies have shown that the correlation between clinical findings and ultrasound 9, 19, 22, 24, 30 or MR examinations is low 4, 10, 18 and even that symptoms and tendon changes come and go independently. 8, 9 A significant number of athletes have or develop visible tendon changes without symptoms of jumper's knee, and some have significant pain without detectable tendon changes. 8, 23 Thus, we would argue that the current clinical definition provides the most valid estimate for the prevalence of jumper's knee because it will detect all players with tendon symptoms during athletic performance. To our knowledge, there are no previous reports on the prevalence of jumper's knee across different sports. A number of case series presenting the outcome after surgical treatment indicate that the majority of patients are from sports with high demands on speed and power. 17, 27, 31 Raatikainen et al 31 from Finland described 182 patients who underwent surgery for jumper's knee and found that 46% were from athletics, 37% from volleyball, 5% from soccer, and the rest from other sports. On the other hand, Martens et al 27 from Belgium found that only 8% of their 90 surgically treated patients were from athletics, whereas 34% were volleyball players and 32% were soccer players. Furthermore, Karlsson et al 17 from Sweden reported that of 81 patients they treated for jumper's knee, only 9% were volleyball players, whereas 37% were from athletics and 27% were from soccer. In these 3 studies, basketball accounted for less than 10% of patients. As illustrated by the conflicting results from these 17, 27, 31 and other studies (for a complete review of surgical studies, see Coleman et al 5 ), it is not possible to estimate prevalence from case series because the population at risk is unknown. The differences observed in the proportion of patients from different sports may simply reflect how popular these sports are in the different countries.
Previous studies reporting on the prevalence of jumper's knee in a defined cohort of players are few and mainly limited to volleyball 12, 15, 24 and basketball. 7, 9 Ferretti 12 and Ferretti et al 15 found in their studies on volleyball players that approximately 40% had jumper's knee. Similarly, Lian et al 24 showed, based on a clinical examination of 47 male elite volleyball players, that 25 had current symptoms and an additional 7 reported previous symptoms of jumper's knee. In other words, it appears that the prevalence of jumper's knee among elite volleyball players is between 40% and 50%, and this is confirmed by the present data. Cook et al 7 examined the patellar tendons of a cohort of elite basketball players using ultrasonography. They showed that 29% of the tendons examined displayed hypoechoic sonographic regions. However, the study did not report how the tendon changes correlated with symptoms. In other sports investigated in this study, the prevalence of tendon changes was lower than in basketball (14% Australian Rules football, 7% cricket, and 6% netball). In adolescent basketball players (14-18 years old), the prevalence was similar to that of adults, with 26% having imaging changes, whereas only 7% had symptoms (11% males and 2% females). 9 In these 2 studies, 2% to 4% of the control populations studied exhibited tendon changes. 7, 9 In both of the ultrasound imaging studies, the ratio of male to female abnormalities was 2:1. However, to date, it is not known if there is a gender difference in the risk for jumper's knee, as there is for acute knee injuries, particularly ACL tears. 1, 29 The present results suggest that jumper's knee is twice as common among male athletes as it is among female athletes. The prevalence of current symptoms was 5.6% among female team handball and soccer players, compared with 13.5% in the corresponding male sports. The question is, What is the cause of the apparent gender difference? We chose team handball and soccer to examine the gender difference because these are sports in Norway that are played at an equally high performance level by men and women; therefore, we thought player experience and training volumes would be similar, and we expected a high prevalence of jumper's knee. As seen from Tables 1 and 2 , the training volumes (15-17 h/wk total training time) and background (15-18 years of organized training, 5-7 years at the elite level) were similar between men and women. The difference in prevalence can be attributed to a number of other factors. It is well documented that jumping ability and force-generating capacity are lower among women than men. 28 So, even if the number of sprints and jumps may be similar between men and women playing the same sports, the lower prevalence may simply reflect that the lower forces transmitted through the quadriceps and patellar tendons are lower among women.
As expected, in the present study, the prevalence was high in basketball (55% reporting current or previous jumper's knee), a sport characterized by high demands on speed and power. The maximal muscle force that can be generated eccentrically is 1.5 to 2.0 times higher than is the maximal isometric force and is several-fold higher than the maximal concentric force, especially at high speeds. 16 Also, the ground reaction force is different between different tasks, ranging from 2.8 times body weight during distance running to 6 times body weight during jumping in volleyball and 10 times body weight in a long jump takeoff. 28 The highest ground reaction forces are seen with ballistic drop jumps, and the resulting forces through the extensor tendons are proportional to the ground reaction force. Therefore, it is reasonable to suggest a connection between the loading pattern of the knee extensors and the prevalence of jumper's knee. This supposition seems to match the prevalence distribution seen in the present and previous studies, with the highest in basketball and volleyball (high jump volume and eccentric load); athletics (sprinters and jumpers, high load but less volume); team handball, soccer, and ice hockey (less jumping, some sprinting); and low prevalence among orienteerers (high volumes of running but no sprinting) and road cycling (high volumes of concentric work, no ballistic loading).
We have previously shown in a case-control study 23 and a cohort study 25 that volleyball players with jumper's knee have better jumping ability and power generation than do players who do not report symptoms from their tendons, presumably because they subject their knee extensors to higher loads when jumping and landing. Ferretti et al 15 have shown that there is a linear relationship between training volume and prevalence of jumper's knee among volleyball players and that the harder the floor type they trained on, the higher the prevalence of jumper's knee. In line with this finding, it has recently been shown that the prevalence of jumper's knee among elite beach volleyball players was only 9%, considerably lower than in indoor volleyball players. 2 The explanation for this difference in prevalence is probably that jumping and landing in the soft sand are less demanding on the tendon than is jumping on indoor playing surfaces. In other words, there is ample evidence to suggest a link between the total load on the tendon and the prevalence of tendon injury.
However, the link between the mechanical loading conditions and the pathophysiological response is obscure. It has been suggested that mechanical overload produces partial tears in the ligament substance, 23, 25 and the histologic findings have been interpreted as partial tendon ruptures. 17, 27 This theory has been questioned, 20, 21 and it has recently been suggested that the initial injury is to the tenocyte, not to the collagen fibers. 6, 35 However, to date, there is insufficient evidence to provide a direct explanation for the apparent connection between the loading pattern and the pathologic response. Skutek et al 33 suggested that mechanical stretching of tendon fibroblasts activates signaling pathways that in the next step induce apoptosis. Tendon tissue is characterized by a homeostatic balance, as in all other living tissues, with both inhibitory and stimulating signals. The uniform histologic findings seen with tendinopathy are compatible with an apoptotic process. It may be that when the mechanical loading conditions surpass the adaptive responses of the cells, an apoptotic process is induced.
CONCLUSION
The overall prevalence of jumper's knee is 14%, with an additional 8% reporting previous symptoms, which suggests that the career prevalence is at least 22%. Jumper's knee is twice as common among male athletes as it is among female athletes. However, the prevalence varies greatly between sports-with a high prevalence in sports characterized by high-impact ballistic loading of the knee extensors and low prevalence in sports with low loadssuggesting that there is a link between the prevalence of jumper's knee and total tendon load. The high prevalence, long duration of symptoms, and low function scores suggest that in some sports, jumper's knee may be one of the main causes of impairment in athletic performance.
